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Executive summary 
A Workshop on Egg Production Methods for Estimating Fish Biomass was held 10–
13 March 2010 in Athens, Greece, hosted by the Institute of Marine Biological Re-
sources, Hellenic Centre for Marine Research (HCMR). The workshop was jointly 
organized by the COST Action FA0601 “Fish Reproduction and Fisheries” and ICES. 
Participants came from over 15 countries, with 38 submitted presentations. The basis 
of this report is to act as a record of the workshop, thus keywords and key points are 
recorded for each session (in note fashion).  
The workshop assessed the strengths and problems of the different egg production 
methods in different situations/case studies. It reviewed laboratory methods and 
techniques to determine egg and adult parameters. It helped compile a list of recom-
mendations for the application of each method (to be published later). The workshop 
identified short-term and long-term research needs to improve precision and accu-
racy of SSB. The Workshop was organized in four thematic sessions addressing re-
productive biology/ecology, laboratory analyses, survey design, and statistical 
methods/models. In all areas the workshop considered the sensitivities of the EPM, 
solutions and future challenges and integration with ecosystem approach and marine 
ecosystem management. 
The terms of reference will be fully answered in a synthesis paper for publication in a 
special egg production method theme volume of the Journal of Fisheries Research. 
Most of the contributors and invited participants to the workshop will also submit 
manuscripts to this theme volume.  
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1 Introduction 
A workshop on egg production methods for estimating fish biomass was held 10–13 
March 2010 in Athens, Greece, hosted by the Institute of Marine Biological Resources, 
Hellenic Centre for Marine Research (HCMR). The workshop was jointly organized 
by the COST Action FA0601 “Fish Reproduction and Fisheries” (FRESH www.fresh-
cost.org) and the International Council for the Exploitation of the Sea (ICES 
www.ices.dk), see annex 3 for full terms of reference. Participants came from over 15 
countries (annex 1). The workshop was convened by Stylianos Somarakis (HCMR, 
Greece), Cindy van Damme (IMARES, Netherlands), Peter Witthames (UK), Andrés 
Uriarte (AZTI, Spain), Miguel Bernal (IEO, Spain) and Mark Dickey-Collas (IMARES, 
Netherlands). The basis of this report is to act as a record of the workshop, thus key-
words and key points will be recorded for each session. The terms of reference will be 
fully answered during the writing of a synthesis paper for publication in the Journal 
Fisheries Research. Unfortunately the participants from Chile were unable to attend 
as a result of the Chilean earth quake just prior to the workshop. They will however 
contribute to the theme volume. 
Objectives and approach of the workshop 
The spawning-stock biomass (SSB) of an exploited species is an important variable in 
the management of fisheries. Egg production surveys provide a method of estimating 
SSB independent of any data from commercial catches. In essence, three egg produc-
tion methods are currently applied: (i) the Annual Egg Production Method, AEPM 
Lockwood et al., 1981), (ii) the Daily Egg Production Method, DEPM (Parker, 1980), 
and (iii) the Daily Fecundity Reduction Method, DFRM (Lo et al., 1992). SSB estimates 
based on egg production methods have been used to validate age based population 
methods (Horwood, 1993; Armstrong et al., 2001) or as direct assessments of biomass 
(e.g. when the effort data were not available from commercial vessels). In recent 
years, a large number of applications have been developed all over the world (Stra-
toudakis et al., 2006).  
The WKEPM covered advances and state-of-the-art in the application of egg produc-
tion methods to major pelagic stocks and to some demersal stocks. It also considered 
several case studies such as: Triennial ICES mackerel-horse mackerel survey, Irish 
Sea AEPM, DEPM for sardines and anchovies and, DEPM application to European 
hake. 
The objectives of the Workshop were to: 
• Assess the strengths and problems of the different egg production meth-
ods in different situations/case studies Review Laboratory methods and 
techniques to determine egg and adult parameters 
• Produce a list of recommendations for the application of each method 
• Identify short-term and long-term research needs to improve precision and 
accuracy of SSB 
The Workshop was organized in four thematic sessions addressing reproductive 
biology/ecology, laboratory analyses, survey design, and statistical methods/models 
(annex 2). 
Each session included 1-2 invited speakers followed by individual contributions se-
lected from the open call. Case studies and/or reviews addressing specific and/or 
crosscutting issues related to the thematic sessions were given. At the end of each 
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theme session an open overall discussion lead by the conveners and the keynote 
speakers took place on the state-of-the-art and the ways to progress the utility of the 
EPM further. At the end of the Workshop, break out groups, a discussion and wrap-
up conclusion session took place focusing on the Workshop objectives. A special 
theme volume of the journal “Fisheries Research” will be produced with invited con-
tributed papers and a review and synthesis paper on utility, state-of-the-art and the 
future of Egg Production Methods for studying the dynamics of fish populations, the 
improvement of fisheries management and marine ecosystem monitoring. 
2 Theme session 1: Improvements in biological and ecological 
knowledge for the application of egg production methods 
2.1 Keynotes:  
Establishing the biological basis for egg production based survey methods – a review 
of recent developments. 
Michael Armstrong, Cefas, Lowestoft, Suffolk, UK 
The EP methods have a sound biological basis. The techniques have improved over 
the years. There have been substantial improvements in the estimation of adults’ 
parameters. Modelling techniques have been integrated in to the EPMs. However, the 
methods are expensive and there is a need to make them more cost-effective. 
Keywords: Determinate and indeterminate spawners; ovaries/oocytes, atresia, POFs; 
AEP, DEP, Fecundity reduction method; Egg mortality, Egg ageing, temperature 
effects, spawning fraction, GSI; Models – GAMs; Laboratory experiments on devel-
opment and maturity; DEPM – fish size, movement, POF duration; Egg identification; 
Potential, realized fecundity; down regulation; Fecundity-weight relationships; Con-
dition, condition-fecundity relationships; timing of fecundity estimates. 
2.2 Other Contributions 
Peter Witthames, Michael Armstrong. Can we simulate the seasonal egg production 
of cod using adult parameters? 
Using simulations on egg productions, this provides a way of reducing survey costs. 
One problem that was raised is that under recovery situations only small numbers of 
fish can be obtained for adult parameters. This means that DEPM cannot be under-
taken but AEPM can be utilized. On the question of costs it is less expensive to catch 
fish than to undertake the egg surveys so the real cost-effectiveness of these tech-
niques needs to be examined. In this particular study migration may be a problem 
with fish entering and leaving the spawning/survey area. This is to be examined us-
ing Data Storage Tags (DSTs). The question of using sound (cod drumming sounds) 
as an alternative estimator of spawning biomass or numbers was raised. This was an 
interesting idea that would need to be considered by the appropriate people. 
Keywords: Simulations; AEP, DEP, Fecundity reduction; Follicular atresia; follicular 
growth equation; Gulf VII sampler, temperature data; abortive maturation. 
Cindy van Damme, Olav Kjesbu, Peter Witthames, Mark Dickey-Collas, Adriaan 
Rijnsdorp. Impact of stock structure diversity on egg production of North Sea plaice. 
Keywords: SSB=EP; recruitment and repeat spawners; determinate, plaice; determi-
nation of recruit vs. repeat spawners, size, previtelline oocytes; fecundity differences 
between recruit and repeat spawners. 
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Stylianos Somarakis, Eudoxia Schismenou, Apostolos Siapatis, Marianna Giannoulaki, 
Argyris Kallianiotis, Athanassios Machias. DEPM applications to the N. Aegean Sea 
anchovy stock (eastern Mediterranean): evidence for density-dependent daily specific 
fecundity. 
Keywords: DEPM; Acoustics; spawning habitats; reproductive parameters; tempera-
ture, zooplankton dry weights; Condition (K), liver condition; batch fecundity; mor-
tality; sampling design; POFs, temperature effects. 
Maria Manuel Angélico, Cristina Nunes, Alexandra Silva, Yorgos Stratoudakis. IPI-
MAR´s Sardine Daily Egg Production Method: a review of the traditional estimation. 
Keywords: Patchy distributions; temperature for development rates; Gear selectivity; 
spatial post-stratification; comparison between acoustic and DEPM estimates; POF 
staging and ageing. 
Constantina Karlou-Riga, Dimitra Petza, Dimitra-Stella Koulmpaloglou, Panagiotis 
Anastopoulos. Determinate or indeterminate fecundity in the case of picarel, Spicara 
smaris, in the Saronikos Gulf (Greece)? 
Keywords: Determinate vs. indeterminate; oocytes; hiatus; spawning fraction; costs of 
undertaking research. 
2.3 Discussion 
After the presentations the keynote speakers were asked to provide a short summary 
of the key points from the presentations then the floor was asked to discuss the ses-
sion theme with the following points in mind. 
1 ) Assess the strengths and problems of the different egg production meth-
ods in different situations/case studies. 
2 ) Produce a list of recommendations for the application of each method 
3 ) Identify short-term and long-term research needs to improve precision and 
accuracy of SSB. 
4 ) Utility of Egg Production Methods to fisheries management. 
Surveys are useful for providing information for management and the ecology of a 
species or the ecosystem. This is through providing information on variations in rela-
tive productivity and for understanding the process drivers. The methods have been 
evolving over time and will continue to do so. There has been a need to examine cost-
effectiveness and some progress has been made here through the use of simulations. 
These have lead to and can lead to a reduction in spatial or temporal coverage of 
essential surveys. In the case of North Sea plaice, the egg surveys have allowed a 
better definition of the spatial extent of the stock plus the realization of the actual 
spawning stock (female only biomass and realistic female maturity ogives etc.) pro-
vide reasonably good agreement between present and historical variations in stock 
size. Overall we are getting better at undertaking the surveys and providing relevant 
information back to management. In addition the surveys are providing valuable 
information on the ecology of these species. 
The question of whether egg production method surveys or acoustic surveys were 
the most appropriate tool to assessing spawning stock size. This was initially raised 
as a number of presentations were comparing acoustic estimates of SSB with egg 
production method estimates of SSB, and in many cases there was fairly good agree-
ment. Essentially the two survey types are being used to calibrate each other or as a 
check on the estimates. On the question of precision and costs there was a consensus 
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that acoustic surveys may be more precise (lower CVs on the estimates) but whether 
this was a real reflection of the CVs could not be determined by the workshop par-
ticipants. In general the costs of the egg surveys were probably higher due to the 
need for extended ship time (relative to acoustic surveys) and time and personnel 
needed for processing egg samples. 
General consensus that acoustic and egg production surveys provide different in-
sights to the SSB of a stock. Some participants felt that acoustic surveys were already 
providing information at the multispecies level whereas the egg production surveys 
were not. It was obvious that the multispecies aspect of the research varied between 
surveys with some gather very large datasets on non-target portions of the ecosys-
tem. Overall there was agreement that the egg production surveys had the ability to 
gain considerable amounts of information on the ecosystem in general (physical, 
plankton to fish) that would be and should be useful for the ecosystem approach to 
fisheries management. In California the egg production surveys and acoustic surveys 
are used together because each provides a different part of the understanding of 
stock biomass and distribution. Overall, the consensus was that egg surveys could 
provide a range of information useful for the EA in management but from a fisheries 
manager point of view the acoustic survey data may be the more preferable option; 
however both are probably needed for a complete understanding of the stock dynam-
ics. 
There was a recommendation that acoustic surveys should be used to help design 
better egg production surveys. 
When stocks are collapsed then the surveys (no matter which type) are noisy. This 
makes detection of stock trends difficult no matter what survey technique one uses. 
However, there is a need to cover the whole area normally covered by the stock to 
ensure a true understanding of abundance is obtained. However, when abundance is 
low, the prognosis is that it is low and in general surveys are often reduced in scope 
or removed altogether. The most important time for survey coverage is when the 
stock starts to recover. 
There are a number of parts of the fish biology and ecology which are still relatively 
unknown or we have insufficient knowledge of the processes to be able to incorpo-
rate them in to our existing models. Probably the largest uncertainty is with mortal-
ity. There has been some work on mortality, including the effects of e.g. cannibalism. 
How to incorporate this on an annually varying basis is uncertain. There was recogni-
tion of non-stationarity in the system and a need for an understanding of the driving 
forces for the changes. There was also recognition that the eggs are in a multispecies 
situation and changes in the ecosystem in general can affect the mortality areas on an 
annual and spatial basis. Both of these need further study. In relation to the EPM 
estimates of SSB through back-calculation of egg production it is still unclear as to 
what sources of mortality are the most important or what should be used. One of the 
most important areas for research is the identification of sources of egg mortality and 
the quantification of egg mortality. 
The biological processes still need further study and better models constructed. These 
include the effects of condition, age, maturation schedule, recruit vs. repeat spawner 
etc. on the fecundity of an individual then with the inclusion of stock structure e.g. 
age structure, sex ratios etc. and the Total egg production. 
Suggestions for use of future research funds ranged from making better use of data 
already collected to new experimental studies. From the data currently available spa-
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tial modelling techniques could be applied. There should be more effort put in to the 
interface between policy and science, this includes determining exactly what is 
needed for assessments and what level of detail e.g. sources of mortality are required. 
There is a need to determine the confidence limits around our understanding of the 
biology i.e. the various parameters that are used and to determine the causes of vari-
ability. Laboratory studies on e.g. stage of spawning, condition etc. need to be under-
taken and these results applied in the field studies. There is a need to explore new 
tools that can be used in the field. 
Considering whether the methodologies have evolved over time the main changes in 
the DEPM have been in the parameters, the sex ratio is probably the only thing that 
hasn’t changed. Temperature and space specific parameters have been added but 
essentially the parameters remain the same. Considering why only temperature and 
space were used rather than any other variables, the conclusion was that these two 
variables are easily and relatively accurately measured plus are readily available. 
Variability has been added through tying the parameters to temperature. Questioned 
whether this was just adding noise the consensus was that this addition was not. In 
addition, the use of post-stratification improved the estimations. In regard to the 
main overall improvements in the EPM, this has been the incorporation of ‘down-
regulation’ for determinate spawners into the estimates of fecundity. This needs to be 
taken forward for indeterminate spawners. The link between fecundity and condition 
is looking promising for a number of species. 
3 Theme session 2: Laboratory methods and techniques to determine 
egg and adult parameters 
3.1 Keynotes:  
Fish eggs in the lab. 
Cindy van Damme, IMARES, Ĳmuiden, The Netherlands 
Key points:  
Important to store samples for future investigations.  
Software for image analysis standardization possible like with WebGr-tool for matur-
ity staging and otolith reading 
To save time is important 
ImageJ/ObjectJ is free for everyone on the net 
WebGr is also free on the AZTI-server, but not available to everyone 
Mortality depended on temperature. Why linear increase with temperature? Not 
convinced about temperature effect, need to have a broad range of temperatures to 
have effect. Need to look at different species, but have seen this effect of marginal 
effect, need to look at the causal mechanism 
Plankton samples removed after 5 years. But samples are more important after 5 
years, so do not throw away, they are important for ecosystem context. Trade-off 
between cost and archiving, but archiving is important. 
How robust is the spray method? Important that persons are well trained. 
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Thirty years of using the POFs method: Overview, problems and alternatives. 
Konstantinos Ganias, School of Biology, Aristotle University of Thessaloniki, Thessa-
loniki, Greece 
Key points:  
3-D reconstruction (Korta et al.,) Compression problems with whole ovaries, thus 
takes biopsies. 
Spawning fraction from otolith microchemistry too advanced. Not possible for fish 
that span frequently. 
How extensive is the interpretation of POF’s? Do experts agree in staging/ageing? We 
might develop universal criteria. 
Big problem with estimation of S (Spawning fraction) 
Kept staging from ageing during the revision, use tank experiments. 
Can develop more simple method, e.g. Claramunt method 
Progress has been made biorhythm hypothesis than easier approaches can be made. 
Lack of laboratory experiments 
Time of day important, less complicated 
The denominator is important, proportion mature or active females 
Important if you have subpopulations to estimate active females 
To estimate SSB we need to include also inactive but mature females 
Important discussion, compare with acoustic survey data to estimate mature females, 
include post-spawners 
Method used: size of POF and histological atresia 
3.2 Other Contributions 
Audrey Geffen and Richard Nash. Egg development rates: stage duration or time to 
end of stage - a simple estimate with many pitfalls 
Key points:  
How to define a stage? 
Multinomial method 
Experimental conditions. Experimental developmental mortality 
Is variation within a batch important? 
Many causes, some difference between static vs. flow through system but at some 
stages critical periods. 
Thus constant mortality is not true. 
How often do we need to do these experiments? 
Stéphanie Lelièvre and Elvire Antajan. Automatic quantification and recognition of 
winter fish eggs species in the Channel and the southern North Sea using Zooscan 
imaging system. 
Validation using stripping cod? Not yet done. 
8  | ICES WKEPM REPORT 2010 
 
How many were you unable to identify? All eggs were identified. 
Stéphanie Lelièvre, Véronique Verrez-Bagnis and Marc Jérôme. Identification of fish 
eggs in the Channel and southern North Sea by molecular analysis 
Molecular analysis cost: 4 euro per egg. 
Criteria used for visually estimation of cod vs. whiting eggs: use of egg size and trawl 
haul catches. 
Anders Thorsen, Norbert Visscher, Cindy van Damme, Peter Witthames, Merete Fonn, 
Eudoxia Schismenou and Olav Kjesbu. Image analysis software for analysis of fecun-
dity and planktonic egg samples 
Why question about anchovy eggs? The egg roundness factor is a problem, devel-
oped ellipses. For haddock eggs, roundness had also to be adjusted. 
Do you need to sort the eggs from the plankton? Our photos are from lab experi-
ments. Problem with the spray method is that the eggs are fixed which reduces 
transparency and quality of staging. 
What if you only have very few eggs in the samples? Sometimes the manual work-up 
is as fast as the automatic one. 
Olav Sigurd Kjesbu, Merete Fonn, Barbara Dunia Gonzáles and Trygve Nilsen. 
Stereological calibration of the profile method to quickly estimate atresia levels in fish 
What exactly do you see in histological mounts? 
Andrés Uriarte. Estimation of the spawning fraction for the Bay of Biscay anchovy 
(Engraulis encrasicolus, L.). 
Using Day-0 POF’s probably overestimates spawning fraction, as shown in Northern 
Anchovy because of behavioural reasons. 
Very similar results were found in the North Aegean Sea. 
Switch the focus to the pelagic eggs when you have good data from the adults. 
Strange that the spawning fraction is constant, what about influence of condition? 
Condition studies have not been included but believe the constant spawning fraction 
is right. 
Variation in the productivity of the ecosystem does not show high differences. 
Yutaka Kurita, Yuichiro Fujinami and Masafumi Amano. Generalized method for un-
biased estimation of spawning frequency in multiple batch spawning fish 
A careful version of the hydrated method. For this type of fish it is a useful approach. 
Konstantinos Ganias, Maria Rakka, Christina Nunes, Theocharis Vavlidis and Yorgos 
Stratoudakis. Use of the automated method to measure batch fecundity in non-
hydrated females 
Tail to the right of the distribution of the oocyte in batch fecundity. Not possible to 
sort that out at the moment. 
Yutuka Kurita and Olav Kjesbu. Oocyte packing density: further development of the 
theory for broader application 
Questions about variability 
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Dolores Garabana, Antonio Solla, Luisa Iglesias, Juan-Carlos Fernández, Andrés 
Villaverde, Marisol Álvarez. Use of paraffin vs. resin for histological tissue processing 
in mackerel (Scomber scombrus) 
Lower atresia estimate due to more open spaces due to shrinkage. 
Why do you find atresia in one slide and not in another. Need to analyse more than 
one slide to have a reliable estimate of atresia. 
Standardizing the temperature for paraffin is important for shrinkage of oocytes. 
Lindsay McPherson, Tara Marshall and Olav Kjesbu. A morphological marker of the 
initiation of first maturation in Atlantic herring (Clupea harengus L.) 
Relation between body condition/fat and circum nuclear ring. 
Natalya Yaragina and Richard Nash. Improvement of the northeast Arctic cod stock 
reproductive potential indices through accounting for skipped spawning using visual 
gonad determinations 
Large spatial distribution overlap with prey. Kola overrated, depending on the spe-
cies. 
Liver index varies with the year, and at a particular part of the year higher. 
3.3 Discussion 
Session covering both the egg and the adults’ parameter. Analysis from North to 
South. No very novel ideas for both eggs and adults were presented. Identification of 
eggs, spawning frequency showing spawning fraction is the main problem but very 
laborious. Example of a cheap alternative method is the Claremont’s method based 
on GSI. 
Adults 
More model-based but more understanding of the biology. 
Ratios important: Non-spawning vs. spawning. Timing and sampling should be at 
correct time, otherwise correction for gear availability would be required.  
Need to choose markers that are robust to movement. Markers and behaviour. Thus 
markers that are robust to the population. Conform the 250 µm threshold value 
(which seems to be not valid). 
Importance of physiology. Migration. 
Could a Kit be devised for hormones identifier of the spawning condition? 
The more we know the more we want to know. 
We want to save money, but genetics cost a lot of money. Promote collaboration with 
Universities as they have plenty of time. 
Climate change and impact on adult parameters.  
Are there density-dependence issues? 
Potential for Adding the perspective from Physiological laws and applications to 
modelling Reproductive biology… 
Egg 
Formalin and genetics: is the problem solved? 
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An improvement. Less biased sampling. 
Physical laws – Spawning fraction – Kooijman and Van der Veer (DEB) 
Genetic markers too expensive; need to be limited to subsamples (baricoat approach) 
Why formaline only, why no other fixatives? 
Getting higher error rates working up at sea. Not true for all institutes. 
Keeping samples takes up a lot of space and thus costly. 
Keep long time-series samples to be worked up later by PhD students. 
4 Theme session 3: Survey design and sampling methods for 
ichthyoplankton and adults 
4.1 Keynotes:  
Sampling variability of ichthyoplankton surveys. 
Pierre Pepin, Fisheries and Oceans Canada, Northwest Atlantic Fisheries Centre, St. 
John’s, Canada 
This session began with a keynote presentation by Pierre Pepin on ‘sampling variabil-
ity of ichthyoplankton surveys’. This sampling variability is affected by life-history 
characteristics, the distribution of the target species / stage and the regional circula-
tion patterns all of which result in patchy plankton distributions. The inter-reaction 
between these patchy distributions of targeted taxa and the resolution of the survey 
design can result indifferences in the precision of surveys estimates. 
Variability in estimates of plankton abundance is dependent on time, space, mortality 
and distribution of the targeted organisms. These factors together with the survey 
design can greatly affect the sampling variance. Various sampling plans were de-
scribed for semi-enclosed bays on the east coast of Canada and there effects on esti-
mates of population mean, variance and distributions were discussed. 
It was suggested that there were four main points to consider when designing ich-
thyoplankton surveys; spatial coverage (scale), resolution of the sampling grid, envi-
ronmental forcing and time-scale. It was recognized that it is not always possible to 
address all of these issues but they must at least be considered. 
A range of surveys were studied, covering scales ranging over 3 orders of magnitude. 
There was little evidence of scale dependency in the precision of the abundance esti-
mates. Not surprisingly, the resolution of station spacing showed that uncertainty in 
variance estimates increased along with increases in station spacing. The impact of 
environmental forcing was difficult to address particularly as sampling opportunities 
are often fixed well in advance of surveys commencing. The timing of surveys is usu-
ally considered in general terms but short-term changes in the timing of spawning or 
hatching of larvae will certainly affect the estimates of abundance. 
The triennial mackerel and horse mackerel egg survey: good but could get better? 
Dave Reid, Marine Institute, Rinville, Oranmore, Co. Galway, Ireland 
Dave Reid gave the second keynote presentation of this session, using the NE Atlan-
tic mackerel egg survey as an example of how survey designs tend to become fixed 
over time and do not necessarily respond to changes in spawning distributions or 
environmental conditions. 
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An assessment of the current survey was presented and recommendations were sug-
gested to improve the estimates of egg production. The underlying problem of 
whether horse mackerel (Trachurus trachurus) is a determinate or indeterminate 
spawner has still not been resolved after many years of research. It is therefore diffi-
cult to say whether these surveys (as currently designed) are suitable to produce even 
a relative index for horse mackerel spawning-stock biomass (SSB). 
Several problems with the ichthyoplankton surveys were also raised. For instance it 
appears that spawning is usually well underway in the western area well before the 
first survey is conducted. There is a need to address this problem before the next 
survey in 2013 to obtain a better estimate of the beginning of spawning in this area. 
It appears that the end of spawning is better estimated as egg numbers are declining 
rapidly by the time the final survey in each year were conducted. However, the last 
survey in 2007 was unable to delineate the northern and northwestern boundaries of 
mackerel spawning late in the season and there is now a need to better define these 
northern boundaries. The limited research vessel time currently available in June 
severely restricts increasing the survey area. However, there will be an increase in 
sampling in the north in 2010 as both the Faroes and Iceland will be participating in 
the survey for the first time. 
Other suggested improvements included stratified sampling i.e. sampling more in-
tensely in high production areas, although it is recognized that later in the season this 
would be difficult as the egg distribution is more geographically spread. Sampling to 
estimate variance has not been undertaken in a systematic way and there is a need to 
better define sampling variance throughout the spawning area. A comparison be-
tween traditional estimators, Generalised Additive Models (GAMs) and geostatistics 
all show great variance. 
Sampling for fecundity and atresia has improved and there is now a concerted effort 
to obtain samples to cover the spatial and temporal extent of the surveys. However, it 
was clearly demonstrated that there needs to be a re-focus of effort from estimating 
atresia (which does not appear to change much) to increasing the effort on the esti-
mate of fecundity which has shown dramatic step changes in the past (perhaps due 
to poor sampling regimes). 
Several suggestions were also made to ‘add value’ to these expensive surveys by 
collecting additional data at minimal cost. There are now over 30 years worth of data 
available and some plankton samples still exist in good condition from the first sur-
veys conducted in 1977. Ichthyoplankton species, other than mackerel and horse 
mackerel have largely been ignored and very few other zooplankton components 
have been analysed. Fine mesh samples could be collected concurrently perhaps to 
obtain estimates of prey availability for developing larvae. Multi-frequency acoustics 
data could be collected very easily and better CTD calibrations would allow oceanog-
raphers and modellers to utilize the data with increased confidence. Other sugges-
tions included the use of optical plankton counters, CUFES, observations of cetaceans 
and seabirds and the collection of samples for genetics studies. All of which would 
give a broader ecosystem perspective to the surveys. 
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4.2 Other Contributions 
Stéphanie Lelièvre, Sandrine Vaz. Winter fish egg sampling in the North Sea: Con-
tinuous Underway Fish Eggs Sampler (CUFES) vs. Vertical Egg Trawl (VET).  
Stephanie Lelievre presented a comparison between the continuous underway fish 
egg sampler (CUFES) and a vertical egg trawl (VET). The study compared the species 
composition and abundance of fish eggs collected by both devices and the relation-
ship between egg abundances was explored using a generalized linear model (GLM). 
Environmental factors, which could affect the vertical distribution of fish eggs, such 
as depth and windspeed, were also investigated in an attempt to improve the mod-
elled relationship. 
The CUFES species composition was shown to be similar to that of the VET although 
CUFES appeared to estimate a greater abundance of eggs. The GLM model used 
demonstrated that it may be possible to predict VET egg abundances from CUFES 
samples but that additional variables such as depth, windspeed and direction would 
need to be incorporated to improve the predictions. 
Both sampling devices showed similar patterns of fish egg distributions although 
CUFES did have the potential for increasing the spatial resolution. It was not clear 
that pelagic fish eggs are distributed close to the surface in the southern North Sea, 
where this study was conducted, and further work is needed to assess the suitability 
of CUFES to produce accurate maps of fish egg distributions in this area. 
Andrés Ospina-Álvarez, Isabel Palomera. Modelling the effect of buoyancy on the 
transport of anchovy eggs: a tool to improve the egg survey design.  
The forth presentation of this session was given by Andres Ospina-Alvarez on mod-
elling the effect of buoyancy on the transport of anchovy eggs. The buoyancy of eggs 
in the water in which they are spawned determines their vertical distribution and 
consequently their horizontal and vertical movements towards areas of hatching. The 
buoyancy of eggs changes throughout their development and an experiment was 
conducted using a density gradient column to measure these changes. 
A polynomial equation was obtained from the experiments which could be used to 
calculate egg density by considering the time from fertilization, the effect of water 
temperature and density at spawning and hatching. The density changes recorded in 
this experiment in anchovy eggs from the Gulf of Lions showed the same pattern of 
change as those described in 1981 for eggs collected in the Bay of Biscay. 
It was shown that egg density decreases during development then a few hours before 
hatching the density increases slightly. Consequently, if these results are correct then 
eggs of different stages could be stratified at different depths. However, there were 
questions regarding deteriorating egg quality during the experiment, which could 
cause them to become denser and hence sink just prior to hatching. Further work is 
needed to better explain the density changes seen particularly close to hatching. 
Cindy J.G. van Damme, Peter R. Witthames. A modified daily egg production method 
for estimating horse mackerel spawning stock.  
Cindy van Damme presented a modified daily egg production method (DEPM) for 
estimating the horse mackerel spawning stock. Traditionally this method has relied 
on estimating the numbers of spawning females by looking for migratory nuclei, 
hydrated oocytes or the existence of post-ovulatory follicles (POFs) in histological 
samples of the ovaries. Unfortunately these stages only last for a short while in horse 
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mackerel and hence they are difficult to find, leading to high variance in the estimate 
of spawning females (spawning fraction).  
This study proposed a modified technique where the batch fecundity is estimated 
from whole mount fecundity samples using image analysis. This process allows batch 
fecundity to be estimated at an earlier stage of gonad development. The spawning 
fraction is estimated from those fish which contain oocytes greater than 250microns. 
Use of both these parameters will increase the number of females suitable for these 
estimates and will reduce the variance compared to the traditional DEPM method. 
However, these parameters have not been calibrated but will be used to develop an 
index of reproductive potential to moderate the seasonal population egg production 
to provide an index of SSB. 
It was suggested that better sampling of the adults could be undertaken by sampling 
at critical times of day close to when the fish are known to spawn. It was also sug-
gested that the use of commercial trawlers to undertake specific surveys concentrat-
ing on catching spawning fish might also prove to be beneficial. 
Future work is also required to conduct tank experiments to finally determine 
whether or not horse mackerel is an indeterminate spawner. 
Konstantinos Ganias, Cristina Nunes, Alexandra Silva, Yorgos Stratoudakis. Bathy-
metric segregation of spawning stages in the Atlantic sardine, Sardina pilchardus.  
The final presentation in this session was given by Konstatinos Ganias on the bathy-
metric segregation of spawning sardine (Sardina pilchardus). 
Both male and female sardines were shown to separate with respect to their repro-
ductive state, with two types of segregation being observed. The first type concerned 
the separation between reproductively active and inactive fish with inactive (imma-
ture) fish generally present in more shallow areas along with inactive post-spawners. 
The second type of segregation was observed within the population of active females 
where imminent spawners were shown to occur at greater depths than recent spawn-
ers. 
These separations were explained biologically, as actively spawning fish contain less 
body fat, have smaller swimbladders as the gonads fill with hydrated eggs and their 
swimming performance is reduced. 
These results for the Aegean Sea have also been observed for populations of sardine 
in the Mediterranean. This work helps to resolve several bias issues related with 
DEPM method such as the biased sampling of hydrated and actively spawning fe-
males and the apparent absence of early egg stages in corresponding plankton hauls. 
It also helps explain the fact that bottom trawl catches appear to overestimate the 
active spawners whilst pelagic trawl underestimate these fish. This information now 
allows sampling schemes to be adapted to take account of these known distributions. 
4.3 Discussion 
Where procedures have become well established it is worthwhile to revisit these 
every few years to establish whether they are still suitable and capable of producing 
the least bias estimates. 
When changes are made to surveys designs it is important to reflect whether it will be 
possible to retrospectively adjust the historical data to best utilize the updated ap-
proach and maintain the time-series. 
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There is often a great deal of additional information / samples collected on surveys 
which is under-utilized at present. 
There is a lack of statistical tools to critically assess the effects of potential changes to 
survey design. 
Is there a realistic possibility of taking account of scale, resolution, environmental 
forcing and time in large surveys such as the triennial mackerel egg survey? 
It may help to look closer at historical data to try to improve survey design by using 
‘predictive models’. 
Better integration of knowledge from around the world may help to avoid repeating 
mistakes or provide useful information which could be utilized in other regions. 
Statisticians, oceanographers and biologists need to work closely together to fully 
understand the constantly changing environment in which these surveys are operat-
ing. 
5 Theme session 4: Statistical methods to estimate egg and adult 
parameters and spawning-stock biomass 
5.1 Keynotes:  
Daily egg production method applied to Pacific sardine (Sardinops sagax) off Califor-
nia from 1986-2009: Progress and challenges.  
Nancy Lo, Southwest Fisheries Science Center, La Jolla CA, USA 
DEPM started at NMFS-SWFSC 30 years ago but has expanded greatly and is actively 
used today by many programs. Most programs are actively trying new technologies, 
etc. but many of the technologies at the SWFSC are locked in to continue standard 
procedures for stock assessment. 
California sardine high abundance in the 1930s but crashed by the 1950s. CalCOFI 
program started in 1949 and SWFSC started in 1964, both to learn why this crash 
occurred. Most of the early work on DEPM was on northern anchovy because the 
sardine abundance was so low. In the 1980s, sardine population size increased again 
and is a good (but not at historically measured high) levels.  
Progress-Statistic procedures. Design-based methods. 
Uses a fixed station design (transects normal to coastline).  
Uses CUFES for adaptive allocation of station sampling because high density area can 
vary greatly between years. 
Batch fecundity. Linear model a+bW+error (W=ovary-free) 
Spawning fraction. Day-0 estimates biased high, so they use Day-1 and Day-2 aver-
age (lowers CV to combine the two days). Use Bayesian methods as well, which typi-
cally did not alter the point value spawning but did improve precision of the estimate 
for years when the number of positive trawls is very low. 
Egg production, by region 
Weighted values for each region to estimate an overall value 
Presented three different methods; states method 2 is best (lowest CV). 
In 2008, 2009 there was a comparison of population sizes between three methods 
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Huge differences in population size estimates between DEPM (lowest) and aerial and 
acoustic methods (both high)…an order of magnitude difference. Movements (sea-
sonal migrations) could explain these differences. In fact, tagging studies from the 
1930s shows that sardine do move between states, north and south. In a recent year, 
they survey also sampled in this northern area, and they did find eggs. So the histori-
cal survey area may be insufficient to directly capture all egg production at this time. 
Modelling in egg production estimation of fish spawning biomass: understanding and 
accounting for temporal and spatial variation in biological processes.  
Yorgos Stratoudakis, INRB/IPIMAR, Lisboa, Portugal 
Describes a mix of design-based and model-based methods. 
Applications, such as, using EPM to describe the relationship between stock size and 
stock area. 
Describes new model advances, such a multinomial models for egg stage and age. 
Egg mortality. A rather insidious infective Ichthyodinium bug kills fish eggs at hatch-
ing. This damaging organism is becoming widely known, in more species and more 
geographic areas. 
Demonstrates a procedure to combine data from different surveys. 
Demonstrates advances from GLMs to GAMs 
Several steps along, some steps unfinished 
Spatial representations of biology (e.g. fish size), acoustics measures of fish density, 
etc. show considerable variation. 
Questions to both Keynotes: 
Mechanism of egg parasite? Some reports of death within a few hours after hatching, 
among yolk-sac larvae. Other reports of death across stages of embryo development, 
and still other reports of infestation without death of the egg. Also, not clear if it has 
been widespread for a long time but overlooked (not on a plankton sorter’s radar). 
Questions about the shape of the mortality curve and the idea of ‘sampling the desert 
and being asked to come up with coefficients of variation.’ Nancy replies: that they 
measure mortality every year, and the mean and variance estimates vary considera-
bly. Patchiness of the eggs, especially among the earliest stages (before diffusion 
spreads them out), is a problem. Yorgos added that there is accuracy, precision, and 
‘realism’ (the latter is that you cannot expect a positive slope to mortality rate). Mi-
guel referred back to Yorgos ‘mortality slide’ to show rapid fluctuations of egg fre-
quencies with regard to age (hours). In the discussion it was evident that there are 
multiple ways to treat these data (whether to cut off the ascending limb or where to 
cut it off). Not unexpectedly, this issue of mortality rate creates doubts about whether 
estimated values may or may not be different between groups, as well as whether 
they are realistic or not. Nancy, perhaps coming from a design basis point of view, 
argues that ‘funny numbers’ are observation (measurement) errors that require more 
intensive sampling or sampling on later (or broader range of) stages to fit the curve 
better. 
Question back to say there are alternatives to Bayesian, but still with the idea that the 
data should come from a distribution (probable skewed, but with a mean and vari-
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ance) so that extraordinarily high values can be adjusted (sounds like a model-based 
method, but he did not name the method). 
Nancy stresses that she uses CUFES only for station allocation (in an adaptive sam-
pling design), because she does not feel comfortable about how it does not integrate 
depths, which is necessary to account for habitat-specific ontogenetic development by 
the embryos. 
5.2 Other Contributions 
Miguel Bernal, Maria Manuel Angélico, Ana Lago de Lanzós, Cristina Nunes, Concha 
Franco, Alexandra Silva, José Ramon Pérez, Yorgos Stratoudakis. Spatially-explicit 
spawning biomass estimation of sardine (Sardina pilchardus) in the Iberian Peninsula: 
a DEPM example.  
There is spatial variation (at least in some variables) so the approach is to take the 
traditional formula for SSB (from EPM parameters) and make (the relevant) terms 
spatially explicit.  
There are, in general, mismatches of sampling frequency between the egg and adult 
measures. The lower sampling intensity of adult parameters leads to extrapolation 
problems in some areas (e.g. fish size). The relatively invariant properties of other 
parameters can lead to silly maps (e.g. sex ratio varied only from 0.51 to 0.52 but a 
full range of colours is mapped that superficially suggests spatial variation). 
Question: How about covariance of some of the elements? This is expected for some 
things but did this show up as expected in your maps? He points out a cold area 
somewhere on one of the maps which seem to match up with unexpected values of 
spawning frequency. Some inconsistencies can be explained by measurement error: it 
is not that there are no eggs there, but you did not catch any in the net. 
There is a correlation between F and W. Perhaps this can be modelled as a single 
variable (relative fecundity). This seems to be an agreeable recommendation. 
Miguel Bernal, Kenneth A. Rose, Enrique Curchitser, Bernard A. Megrey. Beyond the 
egg production methods: using reproductive parameters from egg production surveys 
to estimate reproductive expenses of (pelagic) fish.  
Integration of individual-based models and end-to-end models.  
Uses the Wisconsin bioenergetics to track the balance of consumption to growth (and 
assimilation, etc.) and reproduction. Reproductive output for California anchovy. No 
diet data, but modelled to eat three different levels of their maximum consumption. 
Also modelled Sardine 
There is no effect of food fluctuations. This part is not ready yet. 
From the floor: Points out (for cod, a capital spawner) that 80% of their seasonal re-
productive investment is ‘in place’ once the fish arrive on the spawning ground. 
Questions also about What are the outputs? Egg production, spawning fraction, and 
reproductive expenses are the output. 
David Maxwell, Mike Armstrong, Steven Beggs, John Aldridge. Egg production esti-
mates in the Irish Sea: The effects of modelling choices and assumptions.  
AEPM case study. Gulf sampler VII in the Irish Sea. DNA methods to get ‘cod-like’ 
eggs to species. Subsampling when > X eggs in a sample (unbiased mean, but higher 
variance). Dwells on some potential problems with sensitivity analysis. 
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The most problematic issue was an outlier value (very high abundance off the east 
coast). The data are real (double checked the sample, etc.). It’s effect can be damp-
ened, but there is also an argument made that it should not be ignored (or its effect is 
reduced) when high values are important to estimate the area of the curve. 
The choices that are made lead to good agreement between a strata method and a 
GAM method.  
Questions: 
Nancy notes that last point (similar reports between strata and GAM methods) 
Model-based methods tend to improve precision, it can fill in gaps, and it can remove 
a time-trend.  
Question about the justification for wanting to leave the high outlier in. Obviously 
that would make the fishers happier.  
Yorgos asked why the neg. binomial distributions were used. He seemed to be sug-
gesting that the order of choices was unexpected. See slide titled AEPM. Bernal 
points out to use a robust estimator or to choose a distribution that fits your data (but 
this needs a long time-series). 
Andrés Uriarte et al. Population at age estimates and variances from the application 
of the Daily Egg Production Method: Case study of anchovy.  
Bay of Biscay anchovy. This species (population) has several characteristics that make 
it ideal to use as a model to address this question, in particular, all ages are mature 
during the sampling time and fecundity is considered to be time invariant. 
There is, however, an issue of cluster sampling. 
The formula are the standard, adapted as age specific. The variance estimator also is 
adapted for cluster sampling. 
Great detail of sources of variance. Demonstrated very good agreement in population 
size between this method and acoustic data. 
This method can be extended to less than ideal species/systems; albeit the usual cave-
ats about the DEPM still apply (you are only measuring the mature population). 
Questions 
If fecundity varies in time or space then you need to account for that. 
Question about the pooling for the age–length key. 
Weighting factors needed for the commercial catches. 
Paco Melià, Mario Petrillo, Giancarlo Albertelli, Alberta Mandich, Marino Gatto. Stock 
assessment of the European anchovy (Engraulis encrasicolus) via DEPM: a non-
parametric application to the Ligurian Sea stock.  
A small anchovy population along the NW Italy coast. Coverage was limited, due to 
funding available. Bootstrapping was used to resample the data, both egg and adult 
parameter estimation. 
Questioned how the bootstrapping was done, specifically if it was done on stations 
with replacement? This would lead to unrealistic values when a few stations have 
very high values, without some reference to a parametric distribution. Miguel Bernal 
also chimed in to encourage the account for the spatial values. 
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Noted that a paper in Australia (Jackson?) should be looked at. 
Asked about the high level of variability in some measured values, such as sex ratio, 
or egg mortality. 
Does this survey cover the entire stock? The answer seems to be no. There are fish to 
the south but the stock structure is being investigated with otolith microchemistry 
techniques. The stock size may be very low, depleted some time ago. Still, if they 
need to expand the survey to address the entire stock area, then funds will be 
stretched further. 
Points out the correlation between the slope (Z) and the intercept will always be cor-
relation (this is not a novel finding). 
Stéphanie Lelièvre, Sandrine Vaz. Fluctuations of spawning locations of fish eggs in 
the North Sea between 2006-2009.  
Connecting the idea that spawning areas are essential habitat. Characterized the re-
currence of spawning by several species, using published methods (basically 
kreiging). Not clear from the introduction what these areas need to protected from; 
the conclusions focus on setting up marine protected area. 
How was variability defined? There were thresholds used in terms of mean and vari-
ance, something about the third quartile. Others are saying that because the mean 
and variance are correlated then perhaps a coefficient of variation (or use residuals) is 
a better variable to use for setting a threshold. 
Asked about the survey date range. Because there are many species, some of them are 
being surveyed during peak spawning, but others are not. 
5.3 Discussion 
Comments from Nancy:  
Goal was to look at statistical methods. There were comparisons between the tradi-
tional (design-based) and the model-based methods. This is an area were there could 
be more detailed comparisons, between species, between ecosystems, etc. 
Another important element is to compare EPMs to different survey methods. Andres 
did point out an example were an EPM and an acoustic method had good agreement, 
but other examples do not show strong agreements. Why is that? 
Also, how many of these surveys are used in stock assessments. In the USA, the EPM 
estimates are used in the assessments of pelagic stocks, and this is likely anywhere. 
But it should be reviewed as to the various purposes of these EPMs. 
Further consideration of the specific formula used for EPM is warranted. Some pa-
rameters are more difficult to measure than others (Po and S). Others are relatively 
invariant (sex ratio). When do you pool years of data to measure mortality rates? 
Does adding yolk-sac larvae into the staging scheme help? Maybe in some cases, at 
least if you sampled hatched embryos effectively. 
A confounding issue of using DEPM method for multispecies approach is that there 
are few (any?) situations where all species of interest can be measured at one point in 
time that would represent a peak spawning time across all species.  
The daily fecundity method is used in very few cases. There is a case where it was 
used in the Gulf of St. Lawrence, but Peter Witthames doesn’t think it is still being 
used. 
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Nancy’s own talk demonstrated that migration may need to be accounted for in the 
formula. In that case, the egg survey needs to be extended northward or she needs to 
account for the biomass that is moving or out of the area during the survey. 
Paco’s talk demonstrated a data-limited application. There were criticisms about de-
tails but it did produce a time-series of SSB values.  
The absence of the Chilean scientists was noticeable. She voices that that should be 
expressed to them, and Miguel pointed out that they will be encouraged to contribute 
to the symposium volume. 
Comments from Yorgos 
Points out the traditional vs. model-based approaches are a bit of a false dichotomy. 
Most studies are a hybrid, at least once you start modelling eggs in any manner.  
Biological processes are influenced by the environment. Miguel presented an ap-
proach to declare the important processes and to use a bioenergetic approach to see if 
that can explain a significant amount of the variability. 
DEPM estimates are variable along a time-series. This is not just a measure of SSB for 
management but it can be a function of environmental changes, etc. Generally, other 
approaches, such as hydroacoustics are needed to validate or corroborate the DEPM 
estimates. 
Management strategy evaluation framework could be incorporated explicitly to ac-
count for effects of taking action (non action) on the SSB estimates. 
Open Discussion 
The challenges of sampling the adults were evident. This is a flaw in the approach, or 
something that stakeholders easily pick up on. Hiring the industry can be better used.  
This is going on for the California sardine example. It may not always be practical 
(small commercial boats cannot go as far offshore as the sardines occur), but is can be 
complimentary or informative. 
Having two surveys together is important. Even when they do not agree, it may be 
informative, for example, if one survey is able to pick up chance faster than the other. 
The CUFES tool is most helpful for adaptive sampling of eggs. It would be nice to ask 
if there is a tool that can similarly help with adaptive sampling of adults.  
There are some existing surveys that need not change their design, but can be respon-
sive with different catchability coefficients. 
The presence of acoustic equipment, more commonly standard gear on newer ships, 
is proving very valuable, even as undesigned, unregulated gear. Mike Armstrong 
points out that things can go wrong with running the equipment and people still 
have to keep an eye on it. Richard Nash pointed out that the amount of data collected 
by hydroacoustics can be overwhelming, specifically storage.  
In follow up, Pierre said that for their surveys the Captain just checks the machine 
every 2 hours and the post-processing of the tapes happens very quickly. 
Comments on to how using both EPM and hydroacoustics demand critical thinking 
about methods and interpretation of the data. There can be positive feedback if open 
lines of communication are open between both (or all) groups. Re-evaluation of target 
strength values is still occurring, even for well studies species (Mark stated this is 
happening for herring, I assume Clupea). 
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There is an example where a trawl was used to collect the adults for parameter esti-
mation as well as to corroborate (ground-truth) the acoustic values. However, in this 
case, using the trawl data as a weighting factor (?or however they were using it) 
caused the variances to increase to unacceptable levels. 
Dave Maxwell asked about how Paco looked at median and means. From a design –
based approach? You can estimate the median without bootstrapping, but you cannot 
estimate its variance without bootstrapping.  
Andres pointed out there is often lots of data collected that is not used or not re-
ported. Basic information like fish size or age ranges that goes unreported but would 
be informative for independent review of results. 
Miguel expanded on this point to say that there are larger questions that can be 
asked, such as is there a relationship between SSB and spawning frequency, or SSB 
and productivity. Greater testing of such questions can lead to more robust designs, 
etc. 
Nancy. Agrees and used SARP (Sardine Anchovy Recruitment Project), started by 
Ruben Lasker, as a specific example. What conditions affect recruitment? 
6 Break out groups and final discussion 
The workshop split into three groups which all considered the same questions:  
1 ) Sensitivities of the EPM- method bias, uncertainty, which parameters most 
affect the final estimates. 
2 ) Solutions and Future challenges- when is it appropriate to use each 
method, are solutions available to improve certain methods, can we plan-
ning for innovating for solutions? 
3 ) Integration with Ecosystem approach and marine ecosystem management- 
multispecies surveys, migration and habitat mapping, end to end model-
ling, collecting process information and other model parameters, integra-
tion of surveys. 
Then a broad discussion pulled these themes together. The discussion will be used to 
create the final synthesis paper in the theme volume of Fisheries Research. 
7 Role of COST (European Cooperation in Science and Technology) 
COST- the acronym for European Cooperation in Science and Technology- is the 
oldest and widest European intergovernmental network for cooperation in research. 
Established by the Ministerial Conference in November 1971, COST is currently used 
by the scientific communities of 36 European countries to cooperate in common re-
search projects supported by national funds. 
The funds provided by COST - less than 1% of the total value of the projects - support 
the COST cooperation networks (COST Actions) through which, with EUR 30 million 
per year, more than 30 000 European scientists are involved in research having a total 
value which exceeds EUR 2 billion per year. This is the financial worth of the Euro-
pean added value which COST achieves. 
A ”bottom up approach” (the initiative of launching a COST Action comes from the 
European scientists themselves), ”à la carte participation” (only countries interested 
in the Action participate), ”equality of access” (participation is open also to the scien-
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tific communities of countries not belonging to the European Union) and ”flexible 
structure” (easy implementation and light management of the research initiatives) are 
the main characteristics of COST. 
As precursor of advanced multidisciplinary research COST has a very important role 
for the realization of the European Research Area (ERA) anticipating and comple-
menting the activities of the Framework Programmes, constituting a ”bridge” to-
wards the scientific communities of emerging countries, increasing the mobility of 
researchers across Europe and fostering the establishment of ”Networks of Excel-
lence” in many key scientific domains such as: Biomedicine and Molecular Biosci-
ences; Food and Agriculture; Forests, their Products and Services; Materials, Physical 
and Nanosciences; Chemistry and Molecular Sciences and Technologies; Earth Sys-
tem Science and Environmental Management; Information and Communication 
Technologies; Transport and Urban Development; Individuals, Societies, Cultures 
and Health. It covers basic and more applied research and also addresses issues of 
pre-normative nature or of societal importance. 
Web: http://www.cost.esf.org 
8 Conclusions 
The workshop was a success and stimulated much discussion. The information and 
broad debate will be taken into the theme volume of Fisheries Research, hopefully to 
be published in 2011. 
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Annex 2: Programme 
Wednesday 10 March 2010 
08:30 – 09:00  Registration 
09:00 – 09:20  Welcome 
Theme session 1: Improvements in biological and ecological knowledge for the 
application of egg production methods  
Conveners: Peter Witthames (UK) and Stelios Somarakis (Greece) 
09:20 – 09:50  Keynote presentation  
Michael Armstrong 
Cefas, Lowestoft, Suffolk, UK 
‘Establishing the biological basis for egg production based 
survey methods – a review of recent developments’ by Mi-
chael Armstrong and Peter Witthames  
09:50 – 10:10  Peter Witthames, Michael Armstrong 
Can we simulate the seasonal egg production of cod using 
adult parameters? 
10:10 – 10:30 Cindy van Damme, Olav Kjesbu, Peter Witthames, Mark 
Dickey-Collas, Adriaan Rijnsdorp  
Impact of stock structure diversity on egg production of 
North Sea plaice 
11:00 – 11:20 Stylianos Somarakis, Eudoxia Schismenou, Apostolos Sia-
patis, Marianna Giannoulaki, Argyris Kallianiotis, Atha-
nassios Machias 
DEPM applications to the N. Aegean Sea anchovy stock 
(eastern Mediterranean): evidence for density-dependent 
daily specific fecundity 
11:20 – 11:40 Maria Manuel Angélico, Cristina Nunes, Alexandra Silva, 
Yorgos Stratoudakis  
IPIMAR´s Sardine Daily Egg Production Method: a review of 
the traditional estimation 
11:40 – 12:00 Constantina Karlou-Riga, Dimitra Petza, Dimitra-Stella 
Koulmpaloglou, Panagiotis Anastopoulos 
Determinate or indeterminate fecundity in the case of 
picarel, Spicara smaris, in the Saronikos Gulf (Greece)? 
12:00 – 13:00  Theme session 1: Discussion 
Theme session 3: Survey design and sampling methods for ichthyoplankton and 
adults  
Conveners: Miguel Bernal (Spain) and Cindy van Damme (Netherlands) 
14:30 – 15:00  Keynote presentation 1 
   Pierre Pepin 
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Fisheries and Oceans Canada, Northwest Atlantic Fisheries 
Centre, St. John’s, Canada  
    ‘Sampling variability of ichthyoplankton surveys’ 
15:00 – 15:30   Keynote presentation 2 
   Dave Reid 
Marine Institute, Rinville, Oranmore, Co. Galway, Ireland 
‘The triennial mackerel and horse mackerel egg survey: good 
but could get better?’ 
15:30 – 15:50  Stéphanie Lelièvre, Sandrine Vaz  
Winter fish egg sampling in the North Sea: Continuous Un-
derway Fish Eggs Sampler (CUFES) vs. Vertical Egg Trawl 
(VET) 
15:50 – 16:10   Andrés Ospina-Álvarez, Isabel Palomera 
Modelling the effect of buoyancy on the transport of anchovy 
eggs: a tool to improve the egg survey design 
16:40 – 17:00  Cindy van Damme, Peter Witthames 
A modified daily egg production method for estimating 
horse mackerel spawning stock 
17:00 – 17:20 Konstantinos Ganias, Cristina Nunes, Alexandra Silva, 
Yorgos Stratoudakis 
Bathymetric segregation of spawning stages in the Atlantic 
sardine, Sardina pilchardus 
17:20 – 18:00  Theme session 3: Discussion 
Thursday 11 March 2010 
Theme session 2: Laboratory methods and techniques to determine egg and adult 
parameters  
Conveners: Cindy van Damme (Netherlands) and Andrés Uriarte (Spain) 
09:10 – 09:40  Keynote presentation 1 
Cindy van Damme 
IMARES, Ĳmuiden, The Netherlands 
‘Fish eggs in the lab’ 
09:40 – 10:10  Keynote presentation 2 
   Konstantinos Ganias 
School of Biology, Aristotle University of Thessaloniki, Thes-
saloniki, Greece 
‘Thirty years of using the POFs method: Overview, problems 
and alternatives’ 
10:10 – 10:30  Audrey Geffen, Richard Nash 
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Egg development rates: stage duration or time to end of 
stage – a simple estimate with many potential pitfalls 
11:00 – 11:20  Stéphanie Lelièvre, Elvire Antajan 
Automatic quantification and recognition of winter fish eggs 
species in the Channel and the Southern North Sea using the 
ZooScan imaging system 
11:20 – 11:40 Stéphanie Lelièvre, Véronique Verrez-Bagnis, Marc Jérôme 
Identification of fish eggs in the Channel and southern North 
Sea by molecular analyses 
11:40 – 12:00  Patricia Ruiz, Luis Cubillos, Aquiles Sepúlveda 
Spawning synchronicity and multinomial models application 
for ageing eggs of jack mackerel (Trachurus murphyi) in oce-
anic waters off central Chile 
12:00 – 12:20 Anders Thorsen, Norbert Vischer, Cindy van Damme, Pe-
ter Witthames, Merete Fonn, Eudoxia Schismenou, Olav 
Kjesbu 
Image analysis software for analysis of fecundity and plank-
tonic egg samples 
12:20 – 12:40 Olav Sigurd Kjesbu, Merete Fonn, Barbara Dunia 
Gonzáles, Trygve Nilsen  
Stereological calibration of the profile method to quickly es-
timate atresia levels in fish 
12:40 – 13:00  Luis Cubillos, Gabriel Claramunt 
Tuning the daily spawning fraction: a calibration curve 
based on their relationship with the body weight as covariate 
for the case of common sardine and anchovy off central 
southern Chile 
14:30 – 14:50  Yutaka Kurita, Yuichiro Fujinami, Masafumi Amano 
Generalized method for unbiased estimation of spawning 
frequency in multiple batch spawning fish 
14:50 – 15:10 Konstantinos Ganias, Maria Rakka, Cristina Nunes, Theo-
charis Vavalidis, Yorgos Stratoudakis 
 Use of an automated method to measure batch fecundity in 
non-hydrated females  
15:10 – 15:30 Yutaka Kurita, Olav Sigurd Kjesbu 
 Oocyte packing density: further development of the theory 
for broader applications 
15:30 – 15:50 Dolores Garabana, Antonio Solla, Luisa Iglesias, Juan-
Carlos Fernández, Andrés Villaverde, Marisol Álvarez 
 Use of paraffin vs. resin for histological tissue processing in 
mackerel (Scomber scombrus) 
15:50 – 16:10  Lindsay McPherson, Tara Marshall, Olav Kjesbu 
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A morphological Marker of the initiation of first maturation 
in Atlantic herring (Clupea harengus L.) 
16:10 – 16:30  Natalya Yaragina, Richard Nash 
Improvement of the Northeast arctic cod stock reproductive 
potential indices through accounting for skipped spawning 
using visual gonad determinations  
17:00 – 18:00  Theme session 2: Discussion 
Friday 12 March 2010 
(Afternoon) 
Theme session 4: Statistical methods to estimate egg and adult parameters and 
spawning-stock biomass  
Conveners: Mark Dickey-Collas (Netherlands) and Miguel Bernal (Spain)  
15:10 – 15:40  Keynote presentation 1 
Nancy Lo  
Southwest Fisheries Science Center, La Jolla CA, USA 
‘Daily egg production method applied to Pacific sardine 
(Sardinops sagax) off California from 1986-2009: Progress and 
challenges’ by Nancy Lo and Beverly Macewicz 
15:40 – 16:10  Keynote presentation 2 
   Yorgos Stratoudakis 
   INRB/IPIMAR, Lisboa, Portugal 
‘Modelling in egg production estimation of fish spawning 
biomass: understanding and accounting for temporal and 
spatial variation in biological processes’ by Yorgos Stratou-
dakis and Miguel Bernal 
16:40 – 17:00  Miguel Bernal, Maria Manuel Angélico, Ana Lago de Lan-
zós, Cristina Nunes, Concha Franco, Alexandra Silva, José 
Ramon Pérez, Yorgos Stratoudakis 
Spatially-explicit spawning biomass estimation of sardine 
(Sardina pilchardus) in the Iberian Peninsula: a DEPM ex-
ample 
17:00 - 17:20 Miguel Bernal, Kenneth Rose, Enrique Curchitser, Bernard 
Megrey 
Beyond the egg production methods: using reproductive pa-
rameters from egg production surveys to estimate reproduc-
tive expenses of (pelagic) fish 
17:20 – 17:40 David Maxwell, Mike Armstrong, Steven Beggs, John 
Aldridge 
Egg production estimates in the Irish Sea: The effects of 
modelling choices and assumptions 
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17:40 – 18:00  Andrés Uriarte et al. 
Population at age estimates and variances from the applica-
tion of the Daily Egg Production Method: Case study of an-
chovy 
Saturday 13 March 2010 
09:10 – 09:30  Luis Cubillos, Claudio Castillo-Jordán 
Estimation of the daily egg production rate with likelihood-
based geostatistics: an application to common sardine and 
anchovy off central southern Chile 
09:30 – 09:50 Paco Melià, Mario Petrillo, Giancarlo Albertelli, Alberta 
Mandich, Marino Gatto 
Stock assessment of the European anchovy (Engraulis encrasi-
colus) via DEPM: a non-parametric application to the Lig-
urian Sea stock 
09:50 – 10:10  Patricia Ruiz, Luis Cubillos 
Historical fluctuations in the realized spawning of jack 
mackerel (Trachurus murphi) in oceanic waters off the central 
Chile 
10:10 – 10:30  Stéphanie Lelièvre, Sandrine Vaz 
Fluctuations of spawning locations of fish eggs in the North 
Sea between 2006-2009 
11:00 – 12:00  Theme session 4: Discussion 
12:00 – 13:00  General Discussion 
14:30 – 16:30  General Discussion and Reporting 
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Annex 3: WKEPM 2009 terms of reference 
2009/2/SSGESST04 The ICES – FRESH Joint Workshop on Egg Production 
Methods for Estimating Fish Biomass (WKEPM), chaired by Stylianos Somarakis*, 
Greece, Cindy van Damme*, the Netherlands, Peter Witthames*, UK, Andrés 
Uriarte*, Spain, and Miguel Bernal*, Spain, will meet in Athens, Greece, 10–13 March 
2010 to: 
a ) Assess the strengths and problems of the different egg production meth-
ods in different situations/case studies Review Laboratory methods and 
techniques to determine egg and adult parameters; 
b ) Produce a list of recommendations for the application of each method; 
c ) Identify short-term and long-term research needs to improve precision and 
accuracy of SSB. 
WKEPM will report by 3 April 2010 (via SSGESST) for the attention of SCICOM and 
ACOM.  
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Annex 4: Recommendations 
RECOMMENDATION FOR FOLLOW UP BY: 
1. That the inviation of a theme volume in the Journal Fisheries 
Research be accepted and the conveners act as editors. 
The WKEPM conveners 
2. That the conveners write a synthesis paper on the findings of 
the workshop 
The WKEPM conveners 
3. All contributors be invited to submit a manuscript to the theme 
volume by 1 April 2009, and those accpeted by the conveners 
submit manuscripts by July 2010 
The WKEMP Participants 
 
